Background: Most patients with influenza recover spontaneously or following treatment with an anti-viral agent, but some patients experience pneumonia requiring hospitalization. We conducted a retrospective review to determine the incidence and risk factors of pneumonia in hospitalized patients with influenza A or B. Methods: A total of 213 patients aged 18 years or older and hospitalized with influenza between January 2012 and January 2015 were included in this study. A reverse-transcriptase polymerase chain reaction assay was used to detect the influenza A or B virus in the patients' sputum samples. We collected demographic and laboratory data, combined coexisting diseases, and radiologic findings. Results: The incidence of pneumonia was higher in patients in the influenza A group compared to those in the influenza B group (68.6% vs. 56.9%), but this difference was not statistically significant. The presence of underlying respiratory disease was significantly associated with pneumonia in the influenza A group (adjusted odds ratio [OR], 3.975; 95% confidence interval [CI], 1.312-12.043; p=0.015). In the influenza B group, the white blood cell count (adjusted OR, 1.413; 95% CI, 1.053-1.896; p=0.021), platelet count (adjusted OR, 0.988; 95% CI, p=0.027), and existence of an underlying medical disease (adjusted OR, 15.858; 95% CI, p=0.014) were all significantly associated with pneumonia in multivariate analyses. Conclusion: The incidence of pneumonia was 65.7% in hospitalized patients with influenza A or B. The risk factors of pneumonia differed in hospitalized patients with influenza A or B.
Introduction
Influenza is a type of self-limiting disease characterized by acute onset of fever, sore throat, malaise, and respiratory symptoms. In healthy people, the disease resolves without any complications. However, considerable excess mortality is observed in elderly and comorbid patients 1 . Although influenza combined with pneumonia can lead to death, mortality is often caused by the aggravation of a preexisting disease such as bronchial asthma, chronic obstructive airways disease, and cardiovascular diseases [2] [3] [4] . In the case of seasonal influenza, approximately 1% of hospitalized patients with combined influenza and pneumonia died between 2005 1 www.e-trd.org influenza-associated respiratory and circulatory deaths were reported in the United States 6 . Murata et al. 7 showed that 52% and 17% of 193 patients admitted with influenza A had new infiltrations and definite pneumonia based on chest posteroanterior radiographs, respectively, between 1999 and 2003. Among 35 patients with seasonal influenza admitted to the hospital during the 1999-2000 season, 48.5% were found to have pneumonia 8 . In the United States, the total direct annual cost of influenza has been estimated at US $1-3 billion 9 . These findings suggest that influenza-associated pneumonia could be a problem in the management of influenza itself and also create a social and economic burden.
Many studies have investigated the risk factors related to the clinical course and development of influenza. Some studies have shown that obesity and underlying metabolic diseases worsen the clinical course of pandemic influenza 10, 11 . One study cited obesity as a common morbidity for critically ill patients with pandemic influenza in intensive care 12 . Another study showed that asthma was the most common comorbidity in pandemic influenza 13 , whereas Jain et al.
14 demonstrated that neurological disease was more associated with influenza than respiratory diseases such as asthma or chronic obstructive pulmonary disease (COPD).
In addition, there are many reports on the incidence and risk factors of pneumonia associated with pandemic influenza, but only a few have noted the risk factors of pneumoniaassociated seasonal influenza worldwide. Old age more than 75 years old, white race, chronic lung diseases, and immunosuppression were important risk factors in United States 15 . At recent, the article related with risk factors of pneumonia in 327 Korean patients with seasonal influenza who were managed at outpatient department and hospital was published 16 . They found, also, old age, lung diseases, and other chronic diseases are important risk factors. To the best of our knowledge, there were a few study has addressed the incidence and risk factors of pneumonia in hospitalized patients with seasonal influenza in Korea. In the present study, we investigated the incidence and risk factors of pneumonia in hospitalized patients with seasonal influenza A or B in Korea between 2012 and 2015.
Materials and Methods

Inclusion criteria and definitions
This retrospective observational study was performed according to the guidelines of the Declaration of Helsinki and was approved by the local ethics committees (SCHUH-2016-10-010). Patients admitted between January 2012 and June 2015 who met the following criteria were included: age over 18 years old; chest radiographs obtained within 24 hours of hospital admission; and influenza A or B infection confirmed by a reverse-transcriptase polymerase chain reaction (RT-PCR) assay from nasopharyngeal aspirates or sputum. Pneumonia was defined radiographically by the modified World Health Organization criteria as the presence of a consolidation, infiltrate, or opacity that could be described as alveolar, interstitial, or lobar 14 .
Data
Patients' demographic data, vital signs, clinical manifestations, coexisting conditions, and laboratory and radiographic findings were collated from medical records. Body mass index (BMI; weight in kilograms divided by the square of the height in meters) was calculated to determine whether the patient was overweight or obese, defined as a BMI ≥25 or ≥35, respectively 17 . We analyzed the CURB-65 and CRB-65 scores to determine the severity of pneumonia. The CURB-65 parameter consists of five risk factors, as follows: confusion of new onset, blood urea nitrogen (BUN) greater than 7 mmol/L (19 mg/ dL), respiratory rate of 30 breaths per minute or greater, blood pressure less than 90 mm Hg systolic or a diastolic blood pressure 60 mm Hg or less, and an age of 65 years or older. The CRB-65 parameter is as described above but omits the BUN score.
Underlying medical conditions
Data were collected on the following underlying medical conditions: gastrointestinal disease including liver cirrhosis, chronic hepatitis, and inflammatory bowel disease; cardiologic disease including heart failure and coronary artery disease; respiratory disease including asthma, COPD, and idiopathic pulmonary fibrosis (IPF); renal disease including chronic kidney disease and end-stage renal disease with dialysis; neurological disease including cerebral infarction, cerebellar infarction, and intracranial hemorrhage; malignancy; and history of transplantation. Hypertension was excluded a cardiologic disease.
AdvanSure RV real-time RT-PCR
Nucleic acids (RNA and DNA) were extracted from 200 µL nasopharyngeal samples using a fully automated magnetic bead operating platform, the Smart LabAssist-32 with the TANBead Viral Auto Plate (96-well plate) (Taiwan Advanced Nanotech Inc., Taoyuan City, Taiwan). AdvanSure RV realtime kits (LG Life Sciences, Seoul, Korea) were used to detect 12 types of RNA virus and two types of DNA virus according to the manufacturer's instructions. Briefly, 5 µL extracted nucleic acids was added to an AdvanSure RV real-time RT-PCR reaction tube containing 5 µL primer probe mixture and 10 µL 1-step premix to perform DNA synthesis and real-time RT-PCR. For the reverse transcription step, this mixture was incubated at 50°C for 10 minutes. Denaturation followed at Tuberc Respir Dis 2017;80:392-400
www.e-trd.org 95°C for 30 seconds, then 10 cycles of polymerase chain reaction (PCR) (15 seconds at 95°C, 30 seconds at 53°C, and 30 seconds at 60°C), followed by 30 additional cycles of PCR to detect fluorescence signals (15 seconds at 95°C, 30 seconds at 53°C, and 30 seconds at 60°C). The AdvanSure RV realtime RT-PCR performed both the reverse-transcription reaction with the extracted RNA and the multiplex PCR reaction simultaneously in a single tube and used endogenous RNase P as an internal control to provide information on the validity of the RNA extraction procedure and to prevent inaccuracies arising from sampling errors and RT-PCR reaction errors.
Statistical analysis
Continuous variables are presented as mean±standard deviation, or as medians with ranges. Categorical variables are presented as numbers and percentages. Multivariate analyses was performed to compare the clinical characteristics of patients with seasonal influenza and co-infected pneumonia. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. p-values were calculated using the chi-square test or Fisher exact test for categorical variables, as appropriate, and by the Student' s t test or Mann-Whitney U test for continuous variables. The clinical findings, laboratory findings, and underlying medical conditions were analyzed as variables for independent risk factors of the incidence of pneumonia in each group. Variables for which the p-value was <0.2 in univariate analyses were included in a logistic regression model for multivariate analyses. Variable selection was performed by backward method. All tests were two-tailed, and a p-value of <0.05 was considered to indicate significance in the multivariate model. All analyses were performed with SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics
Data from 216 patients infected with the influenza A or B virus were available for analysis. Three patients were excluded due to being positive for both viruses. A total of 210 patients were subsequently evaluated and the clinical characteristics of 159 patients with influenza A (74.6%) and 51 patients with influenza B (25.4%) are presented in Table 1 . The patients' clinical characteristics, including underlying medical conditions, did not differ between the two groups. Diabetes mellitus was the most common comorbidity in both groups (Table 1 ).
Incidence of pneumonia
The incidence of pneumonia in the influenza A group was higher compared to the influenza B group (68.6% vs. 56.9%) but the difference was not statistically significant (p=0.126), with both groups together having an incidence of 65.7% (Table  1) .
Laboratory and clinical findings
Among the patients hospitalized with the influenza A virus, female patients were more predominant in the pneumonia group (56.9%) compared to the non-pneumonia group (38.0%) (p<0.05). Respiratory diseases were more common in the pneumonia group (25.7%) than in the non-pneumonia group (8.0%) (p=0.01). Laboratory findings, other clinical findings, and underlying medical diseases did not differ between the groups except for the CRB-65 score (Table 2) .
Among the patients hospitalized with influenza B, pa- 
Risk factors for pneumonia
To identify the factors associated with the incidence of pneumonia in hospitalized patients with influenza, each group was investigated using multivariate analyses. Sex, heart rate, abnormal mental status, C-reactive protein, underlying respiratory diseases, and the CRB-65 score were all associated with the incidence of pneumonia in the influenza A group. Among them, underlying respiratory diseases were significantly associated with pneumonia in multivariate analyses (adjusted OR, 3.975; 95% CI, 1.312-12.043; p=0.015) ( Table 4) .
With regard to the influenza B group (Table 5) , an age over 65 years old, body temperature, systolic blood pressure, abnormal mental status, WBC count, platelet count, estimated glomerular filtration rate, the existence of an underlying medical condition, underlying respiratory diseases, and the CURB-65 score were all associated with the incidence of pneumonia. Among them, the WBC count (adjusted OR, 1.413; 95% CI, 1.053-1.896; p=0.021), platelet count (adjusted OR, 0.988; 95% CI, 0.978-0.999; p=0.027), and the existence of an underlying medical disease (adjusted OR, 15.858; 95% CI, 1.757-143.088; p=0.014) were significantly associated with pneumonia in multivariate analyses. In contrast to the influenza A group, underlying respiratory diseases were not significantly associated with pneumonia (Table 5) .
While various findings were associated with the incidence of pneumonia in the total group of patients, only underlying respiratory diseases had a significant association (adjusted OR, 3.155; 95% CI, 1.347-7.387; p=0.008) ( Table 6 ). 
Discussion
Infection with the influenza virus can lead to various complications. However, among them, the occurrence of pneumonia has been considered a serious condition that should be treated properly because it can lead to death. Riquelme et al. 18 demonstrated that more severe respiratory compromise was found in patients with pneumonia associated with pandemic influenza A (H1N1) compared to those with seasonal influenza. Another report showed that patients hospitalized with pandemic influenza A (H1N1) were more likely to have complications such as lower respiratory tract infections, shock or sepsis, and organ failure compared to those with seasonal influenza 19 . However, nearly one-third of patients with seasonal influenza in the United States had pneumonia and this was associated with admission to an intensive care unit and death 15 . For this reason, we speculated that seasonal influenza can cause severe respiratory complications and even death, although it has a much milder clinical course than pandemic influenza. We investigated the incidence and risk factors of pneumonia in hospitalized patients with seasonal influenza in Korea. The incidence was 68.6%, 56.9%, and 65.7% in influenza A, influenza B, and influenza A and B combined, respectively. In the United States, a recent epidemiologic study reported that 29% of patients had pneumonia among 4,765 patients hospitalized with influenza 15 . However, a separate study showed that 48.5%-52% of patients hospitalized with influenza had pneumonia 7, 8 . This large difference may be related to the type of hospital and difficulty admitting patients. Because present study was performed at a tertiary hospital in Seoul, it was not easy to admit patients with mild symptoms. Furthermore, no epidemiologic studies to date have included admission criteria. This suggests that prospective studies are required to define the incidence of pneumonia in hospitalized patients with influenza.
Complicated influenza infections are associated with obesity, underlying pulmonary disease, cardiologic disease, and old age 10, 11, 20 . Our findings are consistent with this, in that the main risk factors for pneumonia were respiratory disease and underlying medical conditions in patients with influenza A and B, respectively. Other factors such as the WBC and platelet counts were risk factors for pneumonia in patients with influenza B, which was not found in other pandemic studies. This difference may be explained by the different target populations: seasonal influenza in our study and pandemic influenza in other studies. Hong et al. 21 showed that the main risk factor for complicated seasonal influenza was diabetes mellitus. In our study, although diabetes mellitus was the most common underlying medical condition, diabetes itself did not serve as a risk factor for pneumonia.
It is widely accepted that influenza B viruses are more likely to infect children and cause milder illness than influenza A viruses 22 . Furthermore, influenza A and B affect different segments of the population. Older age is associated with increased influenza A detection 23 . Thus, we compared the incidence and risk factors of pneumonia in both influenza A and B. The incidence of pneumonia was similar between the influenza A and B groups. We are unable to explain this difference. Future studies that include virology data are needed to clarify this difference.
The present study had several limitations. First, it was performed at a single center with a relatively small study population. Second, we did not analyze subtypes of the influenza virus. However, the subtypes of seasonal influenza do not alter treatment regimens or have clinical implications. Third, we were unable to differentiate the cause of pneumonia as either primary viral pneumonia or secondary bacterial pneumonia because, clinically, it is very difficult to isolate the infectious agents. Fourth, we did not define indications of hospitalization. However, most previous epidemiologic studies also did not do this due to their retrospective design.
In conclusion, the incidence of pneumonia was 65.7% in patients hospitalized with influenza, and underlying respiratory disease (e.g., asthma, COPD, and IPF) was a strong risk factor for the incidence of pneumonia in hospitalized patients with influenza A. Otherwise, the existence of an underlying disease along with laboratory findings such as elevated WBC and platelet counts are significantly associated with pneumonia in patients with influenza B.
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